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∫ Lx
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$  &" &' $% g
′ = g ρ2−ρ1ρ2 ()*
2
+  %# % ,'
-ρ1 $% ρ2   %$ $  " &'.
  /"  )"%&   %0$% &&"  1#"$ 2"  #00 &'
 1#"$ "/ )""$ -34 3. $%   "$$#' 1#"$ -3 . 
∂u1
∂t
+ u1
∂u1
∂x
+ v1
∂u1
∂y
− fv1 = −g∂η1
∂x
-3.
∂v1
∂t
+ u1
∂v1
∂x
+ v1
∂v1
∂y
+ fu1 = −g∂η1
∂y
-3.
∂η1
∂t
= − ∂
∂x
[u1h1 + u2h2]− ∂
∂y
[v1h1 + v2h2]. -3 .
4 h1   "&  !$ "/  #00 &' - )$  !$  h¯1 = H1 + η¯1 − η¯24 H1
   !$ "/  #00 &' $  $  "/  )$  #$. $% h2   "&  !$
"/  &" &' - )$  !$  h¯2 = H2 + η¯24 H2    !$ "/  &" &' $
 $  "/  )$  #$.  %$' $/  $  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" )"$"&' "$
(64 78+ 	5" "/  $ "$ 0"$4 H1 = d -d   #$%#% $/  %0.
$% H2 = h(x)− d -h(x)   #$%#% "& %0.4  $  )"$"&' 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  ! "  #
∂u2
∂t
+ u2
∂u2
∂x
+ v2
∂u2
∂y
− fv2 = − ∂
∂x
[gη1 + g
′η2], $%&
∂v2
∂t
+ u2
∂v2
∂x
+ v2
∂v2
∂y
+ fu2 = − ∂
∂y
[gη1 + g
′η2], $%'&
∂η2
∂t
= − ∂
∂x
[u2h2]− ∂
∂y
[v2h2]. $%(&
) * +( ,- . + '*,   '(/ + 0" (( * 
η1 = η¯1 + η
′
1, $1&
u1 = u
′
1, $1'&
v1 = v¯1 + v
′
1, $1(&
η2 = η¯2 + η
′
2, $1&
u2 = u
′
2, $1&
v2 = v¯2 + v
′
2. $12&
  ! *(/,,,    h1 = H1 + η¯1 + η
′
1 − (η¯2 + η′2)  h2 = H2 + η¯2 + η′2 	
3+*, 1  12" . *- 3+**,   . + '*, ) , ( 2  - -,   2 -
η′1 = ηˆ1(x)cos(ky − ωt), $&
u′1 = uˆ1(x)sin(ky − ωt), $'&
v′1 = vˆ1(x)cos(ky − ωt), $(&
η′2 = ηˆ2(x)cos(ky − ωt), $&
u′2 = uˆ2(x)sin(ky − ωt), $&
v′2 = vˆ2(x)cos(ky − ωt), $2&
  t *, *-" k *, # +-'  ω *, + #(*! 	, *   - -, * 
* *4 # ,*, 2 3+*, 5  5(  %  %(" ,  $2 ,- ' &  2*
- *6 3+*⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩
v¯1k, −h¯1 ddx − dh¯1dx , h¯1k, (v¯2 − v¯1)k, −h¯2 ddx − dh¯2dx , h¯2k
g ddx , v¯1k, −f, 0, 0, 0
gk, −f − dv¯1dx , v¯1k, 0, 0, 0
0, 0, 0, v¯2k, −h¯2 ddx − dh¯2dx , h¯2k
g ddx , 0, 0, g
′ d
dx , v¯2k, −f
gk, 0, 0, g′k, −f − dv¯2dx , v¯2k
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⎪⎪⎪⎪⎪⎪⎪⎭
⎧⎪⎪⎪⎪⎪⎪⎨
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ηˆ1
uˆ1
vˆ1
ηˆ2
uˆ2
vˆ2
⎫⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎭
= ω
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ηˆ1
uˆ1
vˆ1
ηˆ2
uˆ2
vˆ2
⎫⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎭
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a− b
2
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≥
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cr −
(
a+ b
2
))2
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v¯1 − v¯2
|v¯1 − c|2
∫ Lx
0
|Φ1|2dx− v¯1 − v¯2|v¯2 − c|2
∫ Lx
0
|Φ2|2dx− g
′α/f
|v¯2 − c|2
∫ Lx
0
|Φ2|2dx = 0, 4(6
1 Φn 4n = 1, 26 $   .,!7 .,!"# 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u′1 = [uˆ1,r(x)cos(ky − ωrt)− uˆ1,i(x)sin(ky − ωrt)] exp(ωit), 46
v′1 = [vˆ1,r(x)sin(ky − ωrt) + vˆ1,i(x)cos(ky − ωrt)] exp(ωit), 46
η′1 = [ηˆ1,r(x)cos(ky − ωrt)− ηˆ1,i(x)sin(ky − ωrt)] exp(ωit), 4 6
u′2 = [uˆ2,r(x)cos(ky − ωrt)− uˆ2,i(x)sin(ky − ωrt)] exp(ωit), 4#6
v′2 = [vˆ2,r(x)sin(ky − ωrt) + vˆ2,i(x)cos(ky − ωrt)] exp(ωit), 46
η′2 = [ηˆ2,r(x)cos(ky − ωrt)− ηˆ2,i(x)sin(ky − ωrt)] exp(ωit), 4/6
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# ηˆn,i   .&  .,$
 
     	
  
 
  

ηˆm1
ηˆm2
x = 0
i = m
uˆm1
vˆm1
uˆm2
vˆm2

ηˆm−11
ηˆm−12
 
x = a
i = ma

ηˆma1
ηˆma2
uˆma+11
vˆma+11
uˆma+12
vˆma+12

ηˆma+11
ηˆma+12
uˆma+21
vˆma+21
uˆma+22
vˆma+22

ηˆ31
uˆ21
vˆ21

ηˆ11
x = Lx
i = 1
uˆ11
vˆ11

ηˆ01
  !"!#$
uˆ11 = 0 uˆ
m
1 = 0
uˆma2 = 0 uˆ
m
2 = 0
3m− 3
⎧⎪⎨
⎪⎩
uˆi1 i = 2,m− 1
vˆi1 i = 1,m
ηˆi1 i = 1,m− 1
3(m−ma)− 1
⎧⎪⎨
⎪⎩
uˆi2 i = ma + 1,m− 1
vˆi2 i = ma + 1,m
ηˆi2 i = ma,m− 1
 ##"% & [6m− 3ma − 4)]2 '"!#
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h(x) =
{
ho, ! 0 ≤ x ≤ l,
hs, ! Lx ≥ x > l,
'(
)! hs #  * %  + ho #  * #%  &" ,% %* l #  ##% 
 &!- ' #.!#% #% /#.! 0( 1# % &,-!.%* ,.!!%+  )#% 2!#%
*,!#&#%  !#%# &)% ω %* k ,% & *!#$* %"#,"
(ω − f)
[
h2
(
ω
K
k
− f
)
+ h1(ω + f)
]
+
h2
h3
(
ω
K
k
− f
)
[h1(ω + f) + h2(ω − f)] = 0, '(
)! h1 = hs, h2 = d %* h3 = ho − d Kk =
√
1 + f
2
c2ok
2 (1− ω2f2 )+ )! c0 = g
′h1h3
h2+h3
#  #%!%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hs 5  
ho 6  
l  - 
Lx  - 
d 6  
g′ 9.81 · 10−3  72
f 1.42 · 10−4 −1
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h(x) = ho − (ho − hs)x/Lx, 0 1
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